Similar to the PACTOR-II protocol, the digital data stream that constitutes a specific virtual
carrier is swapped to a different tone with every ARQ cycle in order to increase the diversity
gain by adding additional frequency diversity. Considering that in the normal state the num-
bers of the virtual data carriers correspond with the numbers of the respective tones, the
swapped mode assigns carrier O with tone 17, 1 with 16, 2 with 9, 3 with 10, 4 with 11, 3 with

12, 6 with 13, 7 with 14 and 8 with 15. Tones 5 and 12 can be considered as equivalent to the
two carriers of PACTOR-II, as they transfer the variable packet headers and the control
sighals (see below).

3. Modulation, Ceding and Data Rates

As modulation, either Differential Binary Phase Shift Keying (DBPSK) or Differential Qua-
drature Phase Shift Keying (DQPSK) is applied. After full-frame bit-interleaving of the entire
data packet, an optimum rate 1/2 convolutional code with a constraint length (CL) of 7 or 9 is
used. Similar to the PACTOR-II protocol, the codes with higher rates, i.e. rate 3/4 and rate
8/9, are derived from that code by so-called puncturing: Prior to the transmission, certain of
the symbols of the rate 1/2 encoded stream are “punctured”, i.e. deleted and thus not trans-
mitted. At the receiving side, the punctured encoded bits are replaced with “null” symbols
prior to decoding with the rate 1/2 decoder. The decoder treats these null symbols neither as a
received “1” nor as “0”, but as an exactly intermediate value. No information is thus conveyed
by that symbol that may influence the decoding process. The coding performance of “punc-
tured” code operation nearly matches the coding performance of the best known classic rate

3/4 or 8/9 codes with a comparable constraint length, provided that the puncture pattern is
chosen carefully. The major advantage of this approach is that a single code rate decoder (in
our case a rate 1/2 decoder) can implement a wide range of codes. In the SCS modems, a real
Viterbi decoder with soft decision is utilized for all speed levels, providing a maximum of co-

ding gain.

The following table shows the modulation, the constraint length (CL) and the code rate (CR)
of the applied convolutional code, the physical data rate (PDR), i.e. the raw bit rate transferred
on the physical protocol layer, the net data rate (NDR), i.e. the uncompressed user data rate,
as well as the crest factor (CFR) of the signal in the different speed levels (SL).

SL Modulation CL CR PDR NDR CFR
1 DBPSK 9 1/2 200 76.8 1.9
2 DBPSK 7 172 600 247.5 2.6
3 DBPSK 7 1/2 1400 588.8 3.1
4 DQPSK 7 172 2800 1186.1 38
5 DQPSK 7 3/4 3200 2039.5 5.2
6 DQPSK 7 8/9 3600 27221 57

SL = speed level, CL = consiraint lenpth, CR = code rate, PDR = physical data rate, NDR = net data rate, CFR = crest factor (0B}

3. Cycle Duration
The ARQ cycle durations are still 1.25 seconds (short cycles) and 3.75 seconds (data mode),

which is one of the requirements to obtain easy compatibility to the previous PACTOR stan-
dards. Due to signal propagation and equipment switching delays, PACTOR-ILI, similar to the
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preceding PACTOR protocols, has in this standard mode a maximum range for ARQ contacts
of around 20,000 km. Therefore, a long path option is again available, enabling contacts up to
40,000 km, with cycle times of 1.4 seconds (short cycles) and 4.2 seconds (data mode), re-
spectively. The sending station initiates a connect in 'Long Path Mode' by inverting the first

byte of the callsign in the FSK connect frame (for details, see the PACTOR-I protocol de-

scription).

4. Structure of Packets and Control Signals

Except from different data field lengths, the basic PACTOR-III packet structure is similar to
the previous PACTOR modes. It consists of a packet header, a variable data field, the status
byte and the CRC. Two types of headers are used: Sixteen “variable packet headers” consis-
ting of 8 symbols each are sent alternately on tones 5 and 12 to code 4 bit of information: Bit
0 defines the request-status indicating a repeated packet. Bits 2 and 3 specify the speed levels
1 to 4 according to the modulo-4 logic, whereas the detection of levels 5 and 6 is performed
by additionally analyzing the constant packet headers. Bit 4 gives the current cycle duration:
“0™ specifies short and “1” long cycles. The following table shows the hexadecimal codes of
the variable packet headers.

Definitions of the Variable Packet Headers {initiating tones 5 and 12)
VHO [0x1873174f | VHI |0xfcOf6047 | VH2 |0x0adc7ea7 | VH3 |0x09bcellf
VH4 |0x8e67c43¢ | VHS [0x7268a47b | VH6 |0x842bba%b | VHT7 |0x87db2523
VHSE [0x4d55aa6a | VH9 |0xbl5aca2d | VH10 {0x4719d4cd | VHI11 [ 0x44e94b75
VH12 |0x3ccd91a9 | VHI13 {OxcOc2flee | VHI14 [0x3681efle | VHI1S5 [0x357170b6

The remaining tones 1-4, 6-11 and 13-18 are preceded by constant headers that characterize
the respective tones without transferring any additional information. They support QRG
tracking, Memory-ARQ), the Listen-Mode and the detection of the speed levels 5 and 6. The
table below presents the hexadecimal codes of the constant packet headers.

Definitions of the Constant Packet Headers (initiating tones 1-4, 6-11, 13-18)
CHO |0xc324 CH1 |0xf987 CH2 |0Oxblc8 CH3 |0xf370
CH4 |0x801d CHS |0x7¢3d CH6 |0xd8f1 CH7 |0x5a3c
CHS8 |0x792d CH9 (0x8397 CHI10 | 0x33aa CH11 |0x5a3c
CH12 | 0x823c CH13 |0x073f CH14 | 0xf798 CH15 | 0xd801

The headers are followed by the data fields that transfer the user information. On the 6 dif-
ferent speed levels, 5, 23, 59, 122, 212 and 284 usable bytes are transferred in the short cycle
and 36, 116, 276, 556, 956 and 1276 in the long cycle, respectively. After de-interleaving and
decoding of the entire data transferred on all tones within a certain cycle, the actual informa-
tion packet is obtained, which consists of the user data, a status byte and the 2 CRC bytes.
The status byte characterizes the packet by a two-bit packet counter to detect repetitions (bit 0
and 1), provides information on the applied data compression (bits 2, 3 and 4), suggests to
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switch to the data mode when the amount of characters in the transmit buffer exceeds a cer-
tain number (bit 5), indicates a changeover request (bit 6) and initiates the QRT protocol (bit
7). For details, see the graphic below. The final part of the packet is a 16-bit CRC calculated
according to the CCITT-CRC16 standard.

PACTOR-III uses the same set of six 20-bit Control Signals (CS) as PACTOR-1I. They are
transmitted simultaneously on the tones 5 and 12 and all have the maximum possible mutual
hamming distance to each other. Hence they reach exactly the Plotkin boundary and represent
a perfect code. This allows the advantageous use of the Cross Correlation method for deco-
ding, a kind of soft decision that leads to the correct detection of even inaudible CS. CS1 and
(CS2 are used to acknowledge/request packets and CS3 forces a break-in. CS4 and CS5 handle
the speed changes: CS4 demands an increase of the speed to the next higher level. CS5 acts as
a NACK asking for a repetition of the previously sent packet and at the same time for a re-
duction of the speed to the next lower level. CS6 is a toggle for the packet length and inquires
a change to long cycles in case that the actual state is short cycles and vice versa. All CS are
always sent in DBPSK in order to obtain maximum robustness.

The graphic below illustrates the entire PACTOR-III cycle.

H . Header consisting of B bytes (tones 5 and
" 12) or 4 bytes (all other tones}, supports
QRG-Tracking, Listen-Mode and Memory-ARQ.

H ] DATA | IICSIA\

Hormal Cycle: 1255 (1.45 in Long-Path Mods) CS: contol signal consisting of 5 bytes.

Every packet and CS is preceded by a singie phase reference pulse. All pulses occupy a time slot of 10 ms.

TH DATA ] [Ics]

Long Cycle (DATA Made): 3,758 (4.25 in Long-Path Mode)

™

After de-interleaving and Viterbi decading of the data of aill tones, the actual information packet is obtained:

L DATA Is[cRe) §: Status byle:

Bit 0,1  Modulo-4 packet number
Bit 2,34 Datatype: 000 = ASCI 8-bit
001 = Huffman {normal)

data fieids of all used tones are 5, 23, 59, 310 < Huffman {swapped, ‘upper case’)

DATA' in the speed levais 1, 2, 3, 4, 5 and 6, the
* sum of the usable bytes transferred in the

122, 212 and 284 in the nomal cycle, and 100 = PMC German {normal)
36, 116, 276, 556, 956 and 1278 i the ieng 101 = PMC German (swapped)
cycle, respectively. 110 = PMC English (normal)
111 = PMC English {swapped)
CRC: 16-bit CCITT Gyclic Redundancy Check. 8it5,8,7 Cycle length suggestion, changeover request, QRT-Packet

5. On-line Data Compression

Like in the previous PACTOR modes, automatic on-line data compression is also applied in
the PACTOR-III protocol, comprising Huffman and run-length encoding as well as Pseudo-
Markov Compression (PMC, see below). The information sending system automatically
checks, whether cne of those or the original ASCII code leads to the shortest data package,
which depends on the probability of occurrence of the characters. There is hence no risk of
losing throughput capacity. Of course PACTOR-III is still able to transfer any given binary
information, e.g. programs or picture- and voice files. In case of binary data transfer, the on-
line data compression normally switches off automatically due to the character distribution.
An external data compression in the terminal program is usually performed instead.




Huffman compression exploits the “one-dimensional™ probability distribution of the charac-
ters in plain texts. The more frequently a character occurs, the shorter has to be its Huffman
symbol. More details including the code table used in the PACTOR protocols can be found in
the description of the PACTOR-1 standard.

Markov compression can be considered as a “double” Huffman compression, since it not only
makes use of the simple probability distribution, but of the “two-dimensional” probability.
For each preceding character, a probability distribution of the very next character can be cal-
culated. For example, if the actual character is “e”, it is very likely that “i” or “s” occurs next,
but extremely unlikely that an “X™ follows. The resulting probability distributions are much
sharper than the simple one-dimensionat distribution and thus lead to a considerably better
compression. Unfortunately, there are two drawbacks: Since for each ASCII character a se-
parate coding table is required, the entire Markov coding table becomes impractically large.
Additionally, the two-dimensional distribution and thus also the achievable compression fac-
tor depends much more on the kind of text than the simple character distribution. We have
therefore chosen a slightly modified approach which we called Pseudo-Markov Compression
(PMC), because it can be considered as a hybrid between Markov- and Huffman encoding. In
this variant, the Markov encoding is limited to the 16 most frequent “preceding” characters.
All other characters trigger normal Huffman compression of the very next character. This re-
duces the Markov coding table to a reasonable size and also makes the character probabilities
less critical, since especially the less frequent characters tend to have unstable probability
distributions. Nevertheless, for optimum compression, two different tables for English and
German texts are defined in the PACTOR-II and -11l protocols and automatically chosen.
When transferring plain text, PMC yields a compression factor of around 1.9 compared to 8-
bit ASCH.

Run-length encoding allows the effective compression of longer sequences of identical bytes.
The special prefix byte “0x1D” is defined, which initiates the 3 byte run length code. The se-
cond byte is called the “code byte” and contains the original code of the transferred byte
within the range of the entire ASCII character set. The third byte provides the number of code
bytes to be displayed on the receiving side within the range between “0x01” to “0x60”. Val-
ues between “0x00” and “0x1f” are transferred as “0x60” to “Ox7f°, values between “0x20”
and “0x60” are transferred without any change. If, for example, the sequence “AAAAAAAA”
should be transferred, the respective 3 byte run-length code would be “Ox1D 0x41 0x68”.

6. Signal Characteristics and Practical Considerations

As the FSK PACTOR standard is used for the initial link establishment, frequency deviations
of the connecting stations of up to +/—80 Hz are still tolerated. Similar to the PACTOR-IL
mode, a powerful tracking algorithm is provided in the SCS modems to compensate any di-
vergence and exactly match the signals when switching to the DPSK mode, which requires a
high frequency accuracy and stability.

The PACTOR-III signal provides a very high slope steepness in order to avoid any spillover
in adjacent channels. Therefore, low quality audio filters may lead to a distortion of the side
tones of the signal on the higher speed levels on the transmitting as well as on the receiving
side. To partly compensate for that, SCS modems allow the amplitude of the signal edges to
be enhanced individually in two steps using the “Equalize” command, which defines the func-
tion of the PACTOR-IH transmit equalizer. A value of “0” switches this function off, “1”
means a moderate, and “2” a strong enhancement of the side tones of the signal.
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Further, it has to be taken into consideration, that, due to the different possible “tones” set-
tings relating to the FSK mode used for the initial link setup, a shift of the center frequency of
the signal may occur with the antomatic switching to PACTOR-IIL Therefore, the “tones”
settings should be checked carefully and adapted to the other stations in the network in order

to make sure that no offset ocours between the Jinked stations and the PACTOR signal is

placed symmetrically within the filter bandwidth. Usually, identical “tones” settings on both
sides of a PACTOR-III link are required for proper operation. SCS recommends to set “tones”
to “4”, defining the FSK connect tones as 140 and 1600 Hz, which are balanced around the
PACTOR-III center frequency of 1500 Hz, to avoid incompatibilities between PACTOR-III
users.

The following figure shows a spectrum of the PACTOR-III signal on speed level 6 with all 18
tones.
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APPENDIX C

RF Footprint by Rick Meuthing KN6KB

http://home.earthlink.net/~k7bfl/RF Footprints.pdf




Digital Modes....Summary

Its now practical to build Digital modes using sound card and
PC “DSP” processing but the results are still less optimum than
High-performance dedicated DSP processors. (e.g PTC II etc)

For non keyboarding operation “wideband” modes can deliver
higher throughput, more robustness and smaller overall
RF footprints.

Sound card and dedicated DSPs also have many opportunities in
new wide band (100 KHz) VHF/UHF modes.

We need to immediately simplify and modernize the rules for
HF and VHF/UHF digital modes to provide an environment for
experimentation and innovation. (e.g. band plan by bandwid th)
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Robustness Issues: How susceptible is
a mode to a non perfect channel

Wideband and Narrow band each have pros and cons:

Wideband (up to 2.7 KHz) uses frequency diversity to

improve robustness (effective on fading, multi-path and some QRM)
The most effective wide band modes allow variable degrees of
redundancy to “best fit” the modulation to the channel.

Narrowband modes concentrate power into a narrow spectrum
for improved S/N (or lower power) but at the expense of reduced
robustness to multi-path, fading and QRM.

The most effective mode is the one that forwards the message
“error free” in a real HF channel with minimum RF footprint,



Digital Modes:The RF “Footprint”

In a Message system the objective is to move digital messages

(with optional binary attachments) error free and with the smallest
“RF Footprint”

We can express an “RF Footprint” in terms of the “ spectrum area”
a message takes....

The bandwidth required x the time to forward

(expressed as KHz — seconds/Message Kbyte)

e.g. Forwarding a 1 Kbyte message in 15 seconds using 2 KHz
bandwidth has a footprint of 30 KHz-seconds/Kbyte
(the smaller the RF Footprint the better!)



APPENDIX D

Pactor I, II, and I1I Protocol Description and Speed Comparisons to Other Digital Modes
by Edwin C. Jones (AE4TM) http://ecjones.org/pactor.htmi
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Jump to Most Recent Pactor-1/2/3 Speed Comparisons.

Pactor I, I1, and 111 Protocol Description and Speed Comparisons to Other Digital Modes.

Edwin C. Jones (AE4TM)
Vanderbift University, Nashviffe, TN 37212
VA Loma Linda Healthcare System, Loma Linda, CA 92357

Hans-Peter Helfert (DL6MAA)
Special Communications Systems GmbH & Co. KG, Roentgenstr 36, 63454 Hanau, Germany

PACTOR - Short system description

Svstem Details Pactor Operation Memory ARQ

1. Introduction

PACTOR (PT), specially designed for operation in noisy and fluctuating channels. is an improved halt-duplex
synchronous ARQ system combining the refiability of PR with the fixed AMTOR time frame.

Principal design considerations
PACTOR comprises all important AMTOR or PR (2-way) characteristics:
o fixed timing structure and full synchronism to ensure maximum speed
o fast and reliable changeover / break-in
o required bandwidth less than 600 Hz
o 100% ASCII compatible (true binary data transmission)
o extremely low probability of undetected errors (16 bit CRC)
o independent of shift polarities
o no multi-user overhead in a narrow-band channel
o ingxpensive hardware (Z80 single-board)
o high operational comfort (built-in message storage system, etc.)
o listen-mode (monitor)

o FEC-mode (CQ-transmissions etc.)
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As a novelty in Amateur RTTY, some additional powerful features have been realized:

o optimal coherent mode. i. e. system clocks locked to frequency standards (e.g. DCF77, TV detlect ion signals and
other high precision broadcasts)

o online data compression {Huffiman coding)

o attomatic speed change (100/200 bps) without loss of synchronization

o fully acknowledged link termination (no QRT-timeout required)

o memory ARQ (even noisy packets can be restored)

l1. System Details

1. Timing

The basic PT transmission frame is very similar to AMTOR.: blocks (packets) containing data information are
acknowledged by short control signals (CS) sent out by the receiving station. Shift fevels are toggled with every cycle
in order to support memory ARQ (see below). Since the shift polarity is clearly defined at synchronization time, any
conventions concerning 'mark/space’ become obsolete.

* ¢ycle duration : 1.25 sec

* packets : 0.96 sec = 192 (96) bits at 200 (100) bps
* control signals: (.12 sec = 12 bits, each 10 mS long
* (S-receive gap : 0.29 sec

Change of transmission speed only alters the internal packet structure: all other timing parameters remain constant.

2. Packets
General packet structure:

/header/..20 (8) data bytes at 200 (100) bps../status/CRC/CRC/header :

This byte enables fast synchronization and delivers auxiliary information (memory ARQ, listen mode) data : arbitrary
binary information status : system control byte (2 bit packet number, tx-mode, break-in request. QRT) CRC : 16 bit
cyclic redundancy check based on CCITT polynomial X" 16+x"12+x"5+1. calculated over the entire packet (except
header}

3. Control signals {CS)

Four CS are used. As a compromise between reliability and fast detection, a CS length of 12 bit was chosen. CS1: 4D5
CS2: AB2 CS3: 34B CS4: D2C (all hex numbers, LSB right) The mutual Hamming distance is 8 bit, thus minimizing
the chance of receiving a false CS. CS1/2 and CS3/4 form symmetrical pairs (bit reverse patterns). CS1..3 have the
same function as their AMTOR counterparts; CS4 serves as the speed change control. In contrast to AMTOR, CS3 is
transmitted as head portion of a special changeover packet {see below).

3/22/2007 527 PM
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4, Pactor Operation

The calling station (‘master') sends special synchronization packets: /head (100 bd)/..address (8 bytes. 100

bd)../..address {8bytes, 100 bd) Normally, the receiver only uses the 100-bps-section to achieve a fast synchronization.
The 200-bps-section supplies additional information about the channel quality: if it is received correctly, the first CS
will be CS4, otherwise CS1 is sent. After in turn having synchronized a CS4 or €SI, the master will continue with

sending normal data packets at 200 or 100 bps, respectively. The first transmitted characters contain the 'system level
number’ (PACTOR software-version), followed by the master address {callsign).

5. Changing the transmission direction

Similar to AMTOR, the receiving station (RX) can change the transmission direction whenever it has received a valid
packet. For this purpose a special changeover-packet is transmitted. starting at the CS time frame. The transmitting
station {TX) will switch to RX mode immediately after it has received the CS3 which forms the first section of the
changeover- packet. It then reads in the rest of that packet and transmits a CS (CS1 and CS3 = acknowledge, CS2 =
reject) timed at the last three bytes of the former packet frame. To force a break in, the TX sets the BK-status-bit {this
corresponds to AMTOR '+ 7).

6. Speedchange

Speeddown only being useful in poor conditions or at low data input rates (e. g. manual typing), both directions are
treated unsymmetrically.

i) Speeddown

The RX may request speeddown after any incorrectly received packet by sending CS4. which immediately forces the
TX to build up 100-bps-packets (any unconfirmed 200 bps information is repeated at low speed).

ii) Speedup

Any valid packet may be confirmed with CS4, forcing a TX speedup. In case the following high-speed-packet is not
acknowledged after a number of tries. the TX will automatically perform a speeddown. (For more details, refer to
'"PT-Handbook’ by WAA Research Group).

7. Termination of a PACTOR contact

Cutting an ARQ link inevitably leads to the problem that information has to be transmitted without final
acknowledgment (Second WAA theorem). PT applies special QRT packets, providing an expensive but rather effective
solution. These packets contain an active QRT status bit and he RX address in byte-reverse order (low speed pattern).
If this address is tound during the standby synchronization procedure, the RX responds with a single transmission of
the final CS (The timing relations before stby are stored). This method will always guarantee a well-defined QRT.

8. Data Compression

Character frequency analysis of typical english or german texts shows that the average amount of information per
character does not exceed 4 bits. For that reason, ASCII text transmissions often carry a redundancy of 5%, which
could be avoided by using & variable length code matched to the character distribution. The most popular example of
such a code is the Morse code; PACTOR data compression mode applies Huffman coding with nearly optimum
efficiency, yielding up to 100% speed gain. Every packet contains a compressed data string; character code lengths
vary from 2 to 15 bits,
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9, Memory ARQ

in conventional ARQ systems the TX has to repeat a packet until it has been received completely error-free. It is
evident that the probability of receiving a complete packet dramatically decreases with lower S/N ratio. The only way

to maintain the contact in that case is 10 shorten packet fength andior 1o apply error conecting codes which in tam will

greatly reduce maximum traffic speed when conditions are good. The method chosen by WAA Research Group is to
sum up corresponding bit samples of subsequent packets and to test if the mean value (reduced to a 0/|-decision)
passes the CRC. To keep quantizing errors small, the samples are taken from the FSK-demodulator low-pass-filter
output by means of an 8-bit AD-converter. Assuming white Gaussian noise, this accumulation method - also known as
‘memory ARQ' - will obviously converge even at a WA4EGT. QRA WAZMFY/SYSI: low S/N ratio. Furthermore,
since shift levels are toggled with every transmission. constant interfering signals within the receiver passband will not
affect the resulting mean value. To prevent accumulation of old request packets, the header is inverted with every new

information packet, thus serving as a RQ indicator (similarity test).

10. Listen Mode {Monitor)

This mode resembles Packet Radio monitoring: the receiver scans for valid packets which are detected by CRC match.
This 'brute force’ method was chosen in order to ensue maximum flexibility, although it consumes a considerable
amount of the available CPU capacity.

1'1. FEC Transmissions

CQ and bulletin transmissions are supported by means of a special non- protocol mode. Packets are transmitted with
one or more repetitions; the CS receive gap is omitted, Since the listen mode does not require synchronization, the
transmitting station possesses great freedom of selecting packet repetition rate and speed.

12. Practical Aspects

The first PACTOR programs were running on 'breadboarded' Z80 singleboard- computers. These early experiments led
to the development of a stand-alone 'PACTOR- Controller' with built-in modem and tuning-display. The conventional
operating modes BAUDOT and AMTOR were added in order to maintain compatibility and - what might be more
interesting - to allow easy comparisons. Assuming typical conditions. PACTOR traffic can be expected to run 4 times
faster than over a AMTOR link.

PACTOR-H
Structure and Timing of the PACTOR-1I Frames
Speed Levels and Error Control Coding
On-line Data Compression

Some Practical Aspects

[. Intreduction
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All new medes should provide significant improvements over existing systems, which must not only refer to the
maximum throughput and the robustness. Other basic attributes like signal bandwidth, required frequency accuracy and
compatibility to existing standards also have to be taken into consideration. Modulation and enceding methods that
supply high throughput rates, e.g. 16-DESK, normally suffer from a lack of robustness. On the other hand. systems
distinguished by a high robustness, e.g. DBPSK combined with a rate 1/2 convolutional code, only provide a low
maximum throughput. Therefore, adaptive digital modes have to be used. that apply different modulation and encoding

methods depending on the channel quality. Just changing the symbol rate however, leads to only little adaptivity and
additionally results variations of the bandwidth. In order to prevent any spill over in adjacent channels, the bandwidth

should ideaily always remain the same. regardless of whether a robust or a fast data transmission is performed. As 500
Hz CW fiiters are very commonly used and due to the usual spacing of the mailbox frequencies on short wave, a
maximum bandwidth of 500 Hz should not be exceeded. In addition. there should not be too high a demand placed the
transceiver used, regarding its frequency adjustment and stability. For optimum results, maximum frequency deviations
similar to FSK modes should be tolerated. This forces the use of powerful tracking methods. which allow a link also to
be established the deviation is up to +/- 80 Hz. Further, a new mode should be backwards compatible an existing
standard, preferably with automatic switching, in order to prevent a deficiency of QSO partners in the early stage.

PACTOR-1I meets all the above mentioned requirements. It is fully backwards compatibility with the current
PACTOR standard, as the initial link setup is still done in FSK. If both stations are capable of Level 11, an automatic
switching is performed. The PACTOR protocol basically uses a two-tone DESK system with raised cosine pulse
shaping, which reduces the required bandwidth to less than 300 Hz. The maximum absolute transfer rate is 800 bits per
second. Due to the improved on-line data compression, maximum effective throughput rates of more than 1200 bits per
second can be obtained. PACTOR-II is thus the fastest short wave digital mode. Very efficient error control coding
using a convolutional code with a constraint length of 9 and a real Viterbi decoder with soft decision applied at all
speed levels, in addition to analog Memory-ARQ. PACTOR-I1 is also therefore, by far the most robust digital mode,
which allows a link to be established a achieve a reasonable throughput in such poor propagation conditions that all
other modes fail. In comparison with the current FSK PACTOR standard including analog Memory ARQ, which had
been the most robust digital mode until the release of PACTOR-IL a further gain of robustness of around 8 dB could
be obtained. The following chapters describe some details of the PACTOR-11 protocol.

I1. Structure and Timing of the PACTOR-[] Frames

Similar to the current FSK PACTOR standard, PACTOR-II is also a half-duplex synchronous ARQ system without
any mark/space convention. It may thus be operated in USB as well as LSB position of the transceiver. The initial link
setup is still performed using the FSK (PACTOR-!} protocol, in order to achieve compatibility to the previous level. If
both stations are capable of PACTOR-IL, an automatic switching to the higher level is performed. The basic
PACTOR-II frame structure is similar to PACTOR-I. 1t consists of a header, a variable data field, the status byte and
the CRC. The standard cycle duration does not differ from FSK PACTOR and is still 1.25 seconds, which is one of the
requirements to obtain easy compatibility to Level 1. Longer Control Signals (CS) had to be applied to achieve a higher
robustness for the acknowledgment signal, required due to the greater robustniess of the data channel. The entire tength
of the standard packet had to be shortened to 0.8 seconds in order not to shorten the maximum possible propagation
delay, which is thus still 170 milliseconds. The requirements to operate PACTOR-I! regarding the transmit delay and
the receiver recovery time of the used equipment therefore remain unchanged in comparison with Level I. Due to the
signal propagation delay, and equipment switching delays, PACTOR-1I as well as PACTOR-I has in the standard mode
a maximum range for ARQ contacts of around 20,000 km. As with PACTOR-I. a long path option is available also for
PACTOR-1I enabling contacts up to 40,000 km. The sending station calls ~ partner station in 'Long Path Mode".
Initial contact is established using the PACTOR-I FSK protoco! as previously mentioned, but with a cycle time of 1.4
seconds instead of 1.25. This longer cycle time alfows for the much greater propagation delays found on 'Long Path’
contacts. The link then automatically switches to PACTOR-II, with the same cycle duration. In the new data mode (see
below), timing is also automatically adjusted to obtain longer receiving gaps. Unlike the previous level, PACTOR-II
additionally switches to tonger packets if the data blocks are not filled up with idles, (i.e. if the transmitter butfer
indicates that more information has to be transferred than fitting into the standard packets). If the information sending
station (ISS) prefers to use long packets, it sets the long cycle flag in the status word. The information receiving station
(IRS) then finally can accept the proposed change of the cycle duration by sending a CS6. This situation, for example.
occurs when reading longer files out of mailboxes. The long packets are basically made up like the short ones. but
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consist of a larger data field, which may contain up to 2208 bits of usable information. The length of these data packets
is 3.28 seconds, which leads to an entire cycle duration of 3.75 seconds in this so-called data mode. Figure 1 shows the
PACTOR-I! cycle duration and the packet construction in the standard mode as well as in the data mode. When
entering text manually in QSO traffic from operator to operator, the maximum throughput of the standard mode is
normally not used up, thus the required higher flexibility of the system is still available due to the short packets. The
efficient use of longer data packets on short wave is generally only possible, if powerful error control coding, with full

frame interleaving is applied to cancel out error bursts or short fading periods, As already mentioned. PACTOR-H uses
a convolutional code with a constraint length of 9, a real Viterbi decoder and soft decision, in addition to analog
Memory-ARQ. Due to the high coding gain and the resulting capacity of error correction without requesting a
repetition of the entire packet, a significant increase in the effective throughput could be obtained. Proceeding from
average bit error rates on short wave channels, simple block codes are usually unable to provide enough coding gain.
This often leads to a decrease in speed when using longer data strings. as repetitions often cannot be avoided.
PACTOR-II uses six different CS. each consisting of 40 bits, all having exactly the maximum possible mutual
hamming distance of 24 bits to each other. They thus reach exactly the Plotkin boundary and also represent a perfect
code. This allows the advantageous use of the Cross Correlation method for decoding, which is also a kind of soft
decision,leading to the correct detection of even inaudible CS. This checking is not only confined to a simple binary
principle. A complex analog test procedure is applied, using the fine detail data from the DSP, to evaluate the single
CS received. as well as the information summed up in the Memory-ARQ buffer. Similar to Level 1, CSl and CS2 are
used to acknowledge/request packets and C83 forces a break-in. C84 and CS35 handie the speed changes, and CS6 is a
toggle for the packet length. All CS are always sent in DBPSK in order to obtain a maximum of robustness.

111. Speed Levels and Error Control Coding

As mentioned in the introduction. PACTOR-I uses a two-tone DPSK modulation system Due to the raised cosine
pulse shaping, the maximum required bandwidth is only around 450 Hz at minus 50 dB. ASK, which was also tested in
the early stage, provided poorer results in weak conditions compared with a higher DPSK modulation, as different
amplitude levels are more difficult to distinguish in noisy channels than more phase levels. Additionally, ASK
increases the Crest Factor of the signal. For these reasons, it is not used in the final PACTOR-I1 protocol. Basic
information on these items can also be found in the first part of this series. PACTOR-II uses instead. different DPSK
modulation schemes and various code rates The Crest Factor of the PACTOR-II signal is therefore only 1.45. The
basic code used is an optimum rate 1/2 convolutional code with a constraint length of 9. Codes with higher rates, e.g.
rate 2/3 and rate 7/8, can be derived from that code: by so-called puncturing prior to the transmission, certain of the
symbols of the rate 1/2 encoded stream are 'punctured’ or deleted. and not transmitted. the receiving end, the punctured
encoded bits are replaced with 'null' symbols prior to decoding with the rate 1/2 decoder. The decoder treats these null
symbols neither as a received '1' nor as '0’, but as an exactly intermediate value. No information is thus conveyed by
that symbol that may influence the decoding process. The coding performance of 'punctured' code operation nearly
matches the coding performance of the best known classic rate 2/3 or 7/8 codes with a comparable constraint length,
provided that the puncture pattern is chosen carefully. The major advantage of this approach is that a single code rate
decoder (in our case a rate 1/2 decoder} can implement a wide range of codes. In the PTC-l1, the Viterbi algorithm is
implemented for decoding of the convolutional code. Nevertheless, there are several different methods to decode the
PACTOR-II signal, which require less processing power, but in return for this, also provide less coding gain. However,
these methods at least allow compatibility to the PACTOR-II standard and may therefore be applied in cheaper
hardware. The most robust PACTOR-II speed level employs DBPSK with rate 1,2 coding, which per cycle allows an
absolute throughput of 5 bytes in the standard mode and 36 bytes in the data mode respectively. In the next step,
DOPSK with rate 1/2 coding is applied, which leads to an absolute throughput of 14 bytes in the standard mode and 76
bytes in the data mode. This is followed by 8-DPSK with a rate 2/3 coding, providing a throughput of 32 and 156 bytes
per packet, respectively. Finally, in best propagation conditions, PACTOR-II applies 16-DPSK with a rate 7/8 coding,
which allows the maximum throughput of 59 bytes in a short packet and 276 bytes in the data mode. The mentioned
transfer rates are all net rates referring to 8-bit ASCII, which are calculated after the error control coding and all other
protocol overhead. As data compression is usually active, these throughput rates must be multiplied by the
compression factor. The effective speed is therefore considerably higher in practice. All throughput rates and the
corresponding modulation and encoding methods are summarized in table 1. (Not attached)The speed levels are
automatically chosen by the PTC-I1, considering the link statistics and the actual channel quality, thus no user
intervention is required.
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1V. On-line Data Compression

Like in the previous FSK PACTOR system, automatic on-tine Hutfman data compression is applied. Additionally,

PACTOR-H uses run-length encoding and, as a further novelty, Pseudo-Markov Compression (PMC, see below),

Compared to 8-bit ASCII (plain text) PMC yields a compression factor of around | .9, which leads to an effective
speed of about 600 bits per second in average propagation conditions in data mode. PACTOR-I1 is already around 3
times faster than PACTOR-1 and |5 times faster than AMTOR on average channels. However. the maximum effective
speed in good conditions can exceed 1200 bits per second. As the PTC-1I firmware automatically checks. whether
PMC, Huffman encoding or the original ASCII code is the best choice, which depends on the probability of occurrence
of the characters, there is no risk of losing throughput capacity. PACTOR-i1 is of course still able to transfer any given
binary information, e.g. programs or picture- and voice files. In these cases the on-line data compression is
automatically switched off. Ordinary Huffman compression exploits the 'one-dimensional’ probability distribution of
the characters in plain texts. The more frequently a character occurs, the shorter has to be the Huffman symbol that is
assigned to the actual character. On the other hand. Markov compression can be considered as a 'double’ Huffman
compression, since it not only makes use of the simple probability distribution, but of the 'two-dimensional’
probability. For each preceding character, a probability distribution of the very next character can be calculated. For
example. if the actual character is 'e'. it is very likely that i’ or 's' occurs next, but extremely unlikely that an 'X' follows.
The resulting probability distributions are much sharper than the simple one-dimensional distribution and thus lead to a
considerably better compression. Unfortunateiy, there are two drawbacks: Since for each ASCII character a separate
coding table is required. the entire Markov coding table becomes impractically large. Additionally, the
two-dimensional distribution and thus also the achievable compression factor depends much more on the kind of text
than the simple character distribution. We have therefore chosen a slightly medified approach which we called
Pseudo-Markov Compression, because it can be considered as a hybrid between Markov- and Huffman encoding. In
this variant, the Markov encoding is limited to the 16 most frequent 'preceding’ characters. All other characters trigger
normal Huffiman compression of the very next character. This reduces the Markov coding table to a reasonable size
and also makes the character probabilities less critical, since especially the less frequent characters tend to have
unstable probability distributions. Nevertheless, for optimum compression, two different tables for English and
German texts are defined in the PACTOR-I protocol and automatically chosen by the PTC-IL.

V. Some Practical Aspects

Similar to Level 1, the tones of the PACTOR-II signal are spaced at 200 Hz, Their frequency may be defined freely in
steps of | Hz by software command, as long as the shift remains 200 Hz. Thus vou can easily switch between high-
and low-tones, and also adjust any additionally reguired tone pair. This allows the utilizing of narrow CW filters in all
transceivers that provide the option of activating the corresponding filters in the SSB mode. In the PACTOR-1] system.
the transferred information is swapped from one channel (tone) to the other in every cycle. Unlike FSK systems, the
link is thus not blocked when strong narrow band QRM completely overpowers one channel (e.g. CW or carriers), but
only its maximum speed is reduced. Usual FSK systems with mark/space convention and without Memory-ARQ have
to fail in such cases, because even if a so-called 'space-only' mode is applied. the strongest signal is automatically
chosen. This always leads to break-down of the link, as the QRM is stronger than the useful signal in the proposed case
PACTOR-I! provides a comprehensive Listen-Mode, which is much more robust than known from PACTOR-1,
because just the short header has to be received correctly, then the powerful error control coding can be fully utilized.
Burst errors may be corrected also by monitoring stations and thus virtually do not affect the performance. The
Unproto-Mode in PACTOR-I1 allows to choose between all the above mentioned speed and encoding levels. On the
receiving side, the correct mode is detected automatically and therefore needs no user-adjustment. For example, a fast
and very robust QTC mode can thus be achieved, when a message is transmitted in the Unproto-Mode using DBPSK
with rate 1/2 coding.

PACTOR-ITI
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PACTOR-1I} is the newest generation HF data transmission mode developed by SCS in Hanau, Germany. SCS
invented PACTOR and in 1995 followed with the PACTOR-I mode. PACTOR-I and 1l modes are supported by SCS
manufactured PTC modems, the PTC-I1, PTC-Ile and PTC-lipro. After PACTOR-II! was released on May 1, 2002,
current PTC modems are now upgradable to use PACTOR-II via a sottware update.

PACTOR-1T is not a new modem or hardware.

Current PTC modems are now upgradable to use PACTOR-1I} via a software update. To use PACTOR-II both
transmitting and receiving stations must support PACTOR-II. If you are a mobile station transmitting to a land based

station both mobile and land stations must be in PACTOR-111 mode in order to benefit from the higher data rates 111
mode offers.

PACTOR-HI Technical Overview: PACTOR-1I]

Uses a voice channe! of 2.4khz and with an optimal link, is 4 to 5 times faster than PACTOR-II mode. All current SCS
hardware (PTC-1L,PTC-1le and PTC-llpro) are upgradable to Level [}l mode via a firmware update. PACTOR-I1I
applies 6 difterent "speedievels”, depending on the actual signal conditions, Switching between the submades is fully

automatic.

Speedlevel Number of Tones Physical Datarate Net data rate (bps w/o compression)
! 2 200 76.8

2 6 600 247.5

3 14 1400 588.8

4 14 2800 1186.1

5 16 3200 2039.5

6 18 3600 27221

After protocol overhead, PACTOR-III achieves an effective throughput of up to 2722 Bit/s without compression. 1f
plain text is transmitted, the built-in Pseudo Markov compression allows an effective throughput of up to 5200 Bit/s,
The crest factor varies between 2.7 and 4.7 dB depending on the actual speed level. PACTOR-II utilizes a novel crest
factor reduction method yielding a very low crest factor compared to other multi-carrier modulation schemes.

8of 17 3/22/2007 5:27 PM




Pactor Protocol Description file:///D:/pactor/pactor.htmi

. Header consisting of B puises, supparts
I H DATA l I H: QRG-Tracking, Listen-Mode and MemonsARQ.
Nomal Cyde 1.25s [1 45 in Long Paih Mode) CS: Control signai consisting of 20 pulses.
)

’ Everypacket ang CS s preceded by a single phase reference pulse.  All puses occupy 3 time sit of 10 ms.
IGH DATA ] {csl

Long Cyde (DAT A Mode) 3755 (4.25 in Long-Path Mode)

After de-interleaving and Viterbi decoding of the received data the actual information packet is obtained:

S: Status byte:

| DATA BHSE
Bit01  modulo-4 packet number
Bit23,4 datatype: 000 = ASCII 8-hit
001 = Huffman
DATA The onginal data field consists of 72 or 320 010 = Huffman (swapped, 'upper case')
" pulsesin standarg or data mode, respectively. 011 = reserved
The user data fieid aobtained after de-inter- 100 = PMC German (normal)
feaving and decoding, contains 5to 276 bytes 1% = gmg E%"Ils?_lﬂ gm%%ed)
depending on speed level and cycle duration. 1= PMG Endien Eswapped)

CRC: 16-it COITT Cydic Redundancy Check.  Bit58,7 Cycdle length suggestion, changeover request, QRT-Pac

Figure 1. Structure and timing of the Pactor-1l frames,

Technical Description of the Pactor-111 Protocol by Hans-Peter Helfert and Thomas Rink
(pdf format).

This information was obtained from the SCS P1C-07web sire and Criff's NROZ weh sife

SPRING 2002 TESTS

The following is an overview of some tests that | (AE4TM) recently conducted to compare the relative
performances of Pactor-1,2,3, AMTOR, RTTY, and PSK-31 to each other under a wide range of S/N (signal
to noise) ratios. Before these tests were started, two initial checks were conducted to rule out any potential
errors that might arise from a misaligned IF receiver Pass-Band and excessive audio output being fed to
the PTC-II. First, the receiver Pass-Band Tuning control was varied over a slight range to determine the
positions needed for maximum transfer speeds for different {F filter configurations. Second, the effective
data rates were measured at different audio gain levels to determine if excessive audio output to the PTC-II
were slowing the effective data rates. In addition to these tests, the effect of the AGC speed and noise
blanker on the transfer speeds were measured over a wide range of $/N ratios and the results indicated
that a FAST AGC with the noise blanker turned ON (when the engine is idling) provided the fastest average
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Table 1. The data above illustrate the effect of the Automatic Gain Controt (AGC) and the Noise Blanker
(NB) on the relative Pactor-2 transfer speeds averaged over a wide range of S/N ratios. In each run, both
transceiver settings were adjusted to the selections shown and two hours of binary file transfers were
averaged on 80 meters with the engine off in the mobile station. In short, AGC set to FAST and Noise
Blanker set to OFF provided the fastest transfer speeds under these conditions. The next figure shows the
effect of ignition noise on the transfer rates with the engine running.

Figure 5. The figure above shows the effect of engine RPM on effective data rate of Pactor-2 on 40m. The
blue/green data indicate the data rates with the noise blanker turned ON whereas the orange/red data
indicate the data rates with the noise blanker turned OFF. Furthermore, a 500Hz CW I was used for the
blue and arange data sets and a SSB IF was used for the green and red data sets. Except for when the
engine was OFF, the noise blanker improved the throughput of data via the pactor-2 mode for all RPM
ranges. Therefore, the use of a high quality noise blanker is very useful to any mobile station that intends to
have an engine running. (Note: some noise blankers distort RF signals potentially lowering the actual
throughput; therefore, | recommended that you actually test your specific noise blanker before making the
fina! decision to use the noise blanker.
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